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Objective To determine rates of reportable bacterial infections among infants in New York City and identify pop-
ulations at risk and preventable causes of morbidity.
Study design This retrospective cohort study matched live births in New York City from 2001-2009 to reported
cases of bacterial infections among infants less than 1 year of age. Characteristics recorded on birth certificates
were compared between infants with bacterial enteric infection, bacterial nonenteric infection, and no reportable
bacterial infection. Multinomial logistic regression and multivariable logistic regression were used to identify risk
factors for infection.
Results Bacterial infection was reported in 4.6 cases per 1000 live births. Of 4524 infants with a reportable infec-
tion, the majority (2880, 63%) had an enteric infection. Asian/Pacific Islanders in Brooklyn were the borough-level
race/ethnic group with the highest enteric infection rate (8.5 per 1000 live births). Citywide, infants with enteric in-
fections were disproportionately male, from higher poverty neighborhoods, born to foreign-born mothers, and
enrolled in Special Supplemental Food Program for Women, Infants, and Children or Medicaid. In contrast, infants
with nonenteric infections weremore likely to have low birthweight andmothers characterized by US birth and black
race or white Hispanic race/ethnicity.
Conclusions Distinct patterns of risk factors for enteric and nonenteric bacterial infections among infants were
identified. The results suggest that infants born to Asian/Pacific Islander mothers residing in Brooklyn should be
a focus of enteric disease prevention. More research is necessary to better understand what behaviors increase
the risk of enteric disease in this population. (J Pediatr 2016;174:218-25).
T
he New York City (NYC) Department of Health and Mental Hygiene (DOHMH) collects surveillance data on over 80
reportable infections, over one-half of which are bacterial infections; however, the rates and risk factors for these infec-
tions among infants are largely unknown.1 Infections remain an important source of infant mortality, and bacterial
sepsis ranks among the top 10 causes of infant death in the US.2-4 Of the nationally notifiable diseases reported to the Centers
for Disease Control and Prevention in 2009, bacterial infections comprised the 5 most frequent infections among infants
under 1 year of age, with the highest incidence reported for salmonellosis (128.6 per 100 000 infants).5 In addition, group B
Streptococcus (GBS) was noted in 2 nationwide studies as the most common pathogen responsible for sepsis in term infants
within 7 days of birth.6,7
Disparities in the burden of bacterial infant infection exist by race, ethnicity, and socioeconomic status (SES). Non-Hispanic
black infants have a greater risk of neonatal sepsis and sepsis-associated mortality.7,8 Reported risk factors for salmonellosis
among infants include lower household income, black race, and Hispanic ethnicity; risk factors for GBS include black race
and young maternal age.9-14
Studies typically focus on identifying risk factors for individual diseases, but grouping diseases together for analysis
might improve power to reveal additional risk factors or shared approaches for intervention. Analyzing information on
reportable bacterial infections collected by DOHMH could identify preventable causes of morbidity and mortality and
distinguish populations at risk to direct interventions, ultimately improving the health of NYC infants. This study esti-
mated the incidence of reportable bacterial infections among NYC-born
infants and identified potential risk factors for morbidity.From the 1Division of Disease Control, New York City
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This retrospective cohort study included singleton live births
from January 1, 2001 through December 31, 2009 to mothers
living in NYC. All confirmed and probable cases of bacterial
infections reported to DOHMH for infants in NYC diag-
nosed from January 1, 2001 through December 31, 2010
were de-duplicated, compiled, and matched with the NYC
birth registry maintained by DOHMH. This project was
approved by DOHMH (13-015) and Columbia University
(AAAL 9273) institutional review boards.
The primary outcome was the diagnosis of a reportable
bacterial infection during the first year of life (under
365 days). Age of infant at time of infection was based
upon birth certificate date of birth and reported date of diag-
nosis (with the exception of pertussis, for which date of onset
was used). Reportable infections were classified according to
Council of State and Territorial Epidemiologists case defini-
tions; DOHMH case definitions were used for diseases with
no Council of State and Territorial Epidemiologists case defi-
nition.1,15
Bacterial infections were categorized as either enteric dis-
eases given a common oral portal of entry (botulism, campy-
lobacteriosis, hemolytic uremic syndrome, listeriosis,
salmonellosis, Shiga toxin-producing Escherichia coli, shigel-
losis, typhoid fever, and yersiniosis) or nonenteric diseases
as a comparison for the enteric diseases (chlamydia, congen-
ital syphilis, gonorrhea, invasive group A streptococcal infec-
tion, invasive GBS infection, invasive Haemophilus influenzae
(all serotypes) infection, latent tuberculosis infection, active
tuberculosis disease, Lyme disease, meningococcal disease,
bacterial meningitis [other than meningococcal], and
pertussis). Diseases not reportable throughout the entire study
period (eg, methicillin-resistant Staphylococcus aureus and
invasive Streptococcus pneumoniae) were excluded from this
study. Infants with both enteric and nonenteric infections
were analyzed in the enteric group. Of the diseases included
in this study, vaccination for pertussis andHaemophilus Influ-
enzae type b is recommended by the US Advisory Committee
for Immunization Practices within the first year of life.16
Birth registry matching was conducted based on the in-
fant name, parental names, address of residence, phone
numbers, and sex, and was manually reviewed (Appendix
1; available at www.jpeds.com). Reports of infant
infections that did not match to birth records because of
birth outside of NYC or insufficient information were
excluded from the study. To ensure all infants in the study
could be considered viable and, therefore, susceptible to
infection, infants who died on the same day as birth and
were either born weighing below 500 g or before a
gestational age of 24 weeks were excluded.17
Potential risk factors investigated were drawn from birth
records and included both infant and maternal factors:
sex, birthweight, gestational age, chorioamnionitis,
placenta previa, fever during labor or delivery, prepreg-
nancy hypertension, gestational hypertension, prenatalcare, delivery method, prolonged rupture of membranes,
prepregnancy diabetes, gestational diabetes, and infant
admission to the neonatal intensive care unit (NICU) on
the day of birth. Maternal demographics such as race/
ethnicity, Special Supplemental Food Program for
Women, Infants, and Children (WIC) or Medicaid enroll-
ment, borough of residence, location of birth, neighbor-
hood (census tract-level) poverty, and education level
were also included. Data coded as unknown were consid-
ered missing. Variables are defined in Appendix 2
(available at www.jpeds.com).
Statistical Analyses
Incidence over the study period was calculated as all cases
of reportable bacterial infections per 1000 live births from
2001-2009. Annual incidence was calculated as the number
of reportable bacterial infections per 1000 live births by
year of birth. Multinomial logistic regression was used to
determine the association between each factor and the 3-
level outcome of bacterial enteric infection, bacterial non-
enteric infection, and no reportable bacterial infection
(reference level). To adjust for covariates specific to each
outcome, statistically significant risk factors in bivariate
analyses were used to fit 2 separate multivariable logistic
models, one for the outcome of reported enteric bacterial
infection and the other for reported nonenteric bacterial
infection. To assess whether race/ethnicity effects were
driven by distinct subpopulations, interaction terms be-
tween race/ethnicity and WIC/Medicaid enrollment,
foreign birth, neighborhood poverty, and borough of
maternal residence were tested in each model. Because
the relative timing of NICU admission and diagnosis of
infection on the day of birth could not be determined,
the association between infection and NICU admission
was assessed both including and excluding infants with
infection diagnosed on the day of birth. Final models
were chosen by comparing the Akaike information crite-
rion and significance of the likelihood ratio test after the
addition of each variable. Variables were added in
decreasing order of magnitude of association and
increasing P value. No evidence of multicollinearity be-
tween covariates was found using tolerance and variance
inflation factor cut points of 10% and 10, respectively.
Hosmer and Lemeshow goodness of fit tests were conduct-
ed for both final models. For all analyses, the level of sta-
tistical significance was P value of <.05. Analyses were
conducted using SAS v 9.2 (SAS Institute Inc, Cary, North
Carolina).Results
Of infants reported to DOHMH with a reportable bacterial
infection during 2001-2009, 82.5% matched with birth re-
cords. Infants were excluded from analysis if they were
born to mothers with unknown or non-NYC residence
(n = 86 767), had a reported diagnosis date prior to date of219
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case definitions were met (n = 16), or were below the mini-
mum eligible gestational age or birthweight and died on
the same day as birth (n = 809).
During the study period, 4524 of the final cohort of
996 938 infants were identified with a reportable bacterial
infection (Table I). As 70 infants were diagnosed with 2
bacterial infections, this resulted in 4594 cases or 4.6 cases
per 1000 live births. Salmonellosis was the most frequent
infection (39% of all infections reported) both across the
entire study period and for every year of birth. The 5
infections with the highest incidence (salmonellosis,
campylobacteriosis, GBS, pertussis, and chlamydia)
comprised 85% of all reported infant bacterial infections,
with salmonellosis and campylobacteriosis constituting
nearly 61%. Of all infants reported with bacterial infection,
63% (2880) met the definition for enteric infection.
Thirteen infants were reported with both enteric and
nonenteric bacterial infections.
Risk Factors in Bivariate Analyses
Infants with any bacterial infection were disproportionately
born to mothers who were unmarried or were less than
18 years old. Comparing infants with enteric infection vs in-
fants with no reportable bacterial infection, male sex,
maternal gestational diabetes, and higher levels of neighbor-
hood poverty were each associated with enteric infection.Table I. Reportable bacterial infections among NYC-
born infants, 2001-2009
Diseases Frequency
% total
infections
Per 1000
live births
Salmonellosis 1770 38.5% 1.78
Campylobacteriosis 1009 22.0% 1.01
Group B streptococcal infection,
invasive
587 12.8% 0.59
Pertussis 339 7.4% 0.34
Chlamydia 180 3.9% 0.18
Bacterial meningitis, other 179 3.9% 0.18
Congenital syphilis 148 3.2% 0.15
Shigellosis 65 1.4% 0.07
Haemophilus influenzae infection,
invasive
60 1.3% 0.06
Tuberculosis 41 0.9% 0.04
Group A streptococcal infection,
invasive
40 0.9% 0.04
Listeriosis 31 0.7% 0.03
Yersiniosis 31 0.7% 0.03
Latent tuberculosis infection 28 0.6% 0.03
Meningococcal disease 22 0.5% 0.02
Botulism 20 0.4% 0.02
Gonorrhea 19 0.4% 0.02
Shiga toxin-producing E coli 12 0.3% 0.01
Lyme disease 8 0.2% 0.008
Typhoid fever 4 0.1% 0.004
Hemolytic uremic syndrome 1 0.0% 0.001
Total 4594 100.0% 4.61
Shaded = enteric infection.
Nonshaded = nonenteric infection.
220Enteric infections were also associated with maternal foreign
birth, all maternal race/ethnicities other than white non-
Hispanic, and Bronx or Queens residence. Nonenteric bacte-
rial infections were associated with maternal education less
than high school, premature rupture of membranes, fever
during delivery or labor, lack of prenatal care, US-born
mothers, Bronx residence, and Hispanic ethnicity or black
non-Hispanic race/ethnicity (Table II; available at www.
jpeds.com).
Multivariable Final Models
The association between enteric infection and maternal race/
ethnicity varied significantly by borough (P < .001;
Table III). When stratified by borough and adjusted for
covariates, the association with enteric infection was
statistically significant for Asian/Pacific Islanders compared
with white non-Hispanics in all boroughs except the Bronx.
The largest OR was found in Brooklyn, where Asian/Pacific
Islanders had 5.4 (95% CI 4.3, 6.7) times the odds of
enteric infection compared with white non-Hispanics. In
Brooklyn, Manhattan, and Queens, enteric infection was
also associated with both white and black Hispanic race/
ethnicity. Other non-Hispanic was the smallest race/
ethnicity category, and no cases from Manhattan or Staten
Island were reported during the study period. Among
Queens residents, other non-Hispanic race/ethnicity was
significantly associated with enteric infection (OR 2.4; 95%
CI 1.3, 4.4). Black non-Hispanic race/ethnicity was
protective against enteric infection among residents of the
Bronx (OR 0.63; 95% CI 0.44, 0.92; Table III).
Infants born to Asian/Pacific Islander mothers residing in
Brooklyn had the highest incidence of enteric infection (8.5
per 1000 live births) (Figure). Incidence for both
salmonellosis and campylobacteriosis was elevated in this
population (6.2 and 2.4 cases per 1000 births respectively).
In every borough, the incidence of enteric infection for
Asian/Pacific Islanders was above 4 cases per 1000 live
births, whereas the incidence during the study period for the
entire cohort was 2.9 cases per 1000 live births. Although
Table III displays the estimates for the interaction term
between borough of residence and maternal race/ethnicity
stratified first by borough, when we instead stratified first by
maternal race/ethnicity (data not shown), only Asian/Pacific
Islanders residing in Brooklyn had significantly greater odds
of enteric infection than Asian/Pacific Islanders in
Manhattan (OR 1.6; 95% CI 1.3, 1.9). Among Brooklyn
Asian/Pacific Islander mothers of infants with reported
enteric infection, 76% were born in China (11.0 cases per
1000 live births), 10% in Bangladesh (12.3 per 1000 births),
4% in Pakistan (2.8 per 1000 births), and 2% in Malaysia
(17.7 per 1000 births). The incidence of enteric infection
among other non-Hispanics in the Bronx was also high (8.4
cases per 1000 live births), but the numbers were small (6
cases out of 716 births; Table III).
aOR of enteric infection was greater for higher poverty
neighborhoods compared with the lowest level of neighbor-
hood poverty (0%-5% of residents with incomes below theIsaac et al
Table III. Risk factors for infant enteric infection: Final multivariable logistic regression model
Case n (%) Noncase n (%) OR 95% CI P value
Demographic: infant
Sex
Male 1596 (55.7) 505 333 (51.3) 1.19 1.11, 1.28 <.001
Female 1268 (44.3) 480 347 (48.7) Reference
Demographic: mother
Maternal birthplace
Born outside of US 2218 (77.4) 531 591 (53.9) 1.77 1.60, 1.95 <.001
Born in US 646 (22.6) 454 089 (46.1) Reference
WIC/Medicaid
WIC and/or Medicaid 2331 (81.4) 624 878 (63.4) 1.62 1.47, 1.80 <.001
Neither 533 (18.6) 360 802 (36.6) Reference
Neighborhood poverty (% in census tract under federal poverty level)
0% to <5% 104 (3.6) 74 313 (7.5) Reference
5% to <10% 223 (7.8) 140 914 (14.3) 0.96 0.76, 1.22 .759
10% to <20% 849 (29.6) 260 541 (26.4) 1.31 1.06, 1.62 .012
20% to <30% 779 (27.2) 225 138 (22.8) 1.39 1.12, 1.72 .003
30% to <40% 545 (19.0) 153 148 (15.5) 1.57 1.26, 1.97 <.001
40%-100% 364 (12.7) 131 626 (13.4) 1.50 1.18, 1.90 .001
Interaction between borough of residence and maternal race and ethnicity <.001
Bronx
Asian/Pacific Islander 38 (6.2) 6432 (3.5) 1.25 0.79, 2.00 .35
Black Hispanic 86 (14.0) 23 193 (12.7) 0.76 0.51, 1.14 .18
Other Hispanic 3 (0.5) 1500 (0.8) 0.44 0.14, 1.43 .17
White Hispanic 294 (48.0) 81 234 (44.3) 0.84 0.59, 1.21 .36
Black non-Hispanic 152 (24.8) 59 543 (32.5) 0.63 0.44, 0.92 .017
Other non-Hispanic 6 (1.0) 710 (0.4) 2.03 0.85, 4.87 .11
White non-Hispanic 34 (5.6) 10 751 (5.9) Reference
Brooklyn
Asian/Pacific Islander 342 (39.5) 39 833 (11.5) 5.35 4.31, 6.65 <.001
Black Hispanic 28 (3.2) 11 731 (3.4) 1.60 1.05, 2.42 .03
Other Hispanic 9 (1.0) 2929 (0.9) 1.95 0.99, 3.86 .05
White Hispanic 210 (24.3) 63 313 (18.3) 2.29 1.82, 2.88 <.001
Black non-Hispanic 156 (18.03) 108 715 (31.5) 1.12 0.88, 1.43 .35
Other non-Hispanic 3 (0.4) 2044 (0.6) 1.20 0.38, 3.78 .77
White non-Hispanic 117 (13.5) 117 027 (33.9) Reference
Manhattan
Asian/Pacific Islander 117 (31.5) 24 814 (14.6) 4.36 2.95, 6.45 <.001
Black Hispanic 33 (8.9) 11 948 (7.0) 2.22 1.36, 3.63 .002
Other Hispanic 1 (0.3) 1045 (0.6) 0.89 0.12, 6.49 .91
White Hispanic 157 (42.2) 40 818 (24.0) 3.39 2.31, 4.99 <.001
Black non-Hispanic 30 (8.1) 23 702 (14.0) 1.35 0.82, 2.23 .24
Other non-Hispanic 0 (0) 719 (0.4) * * *
White non-Hispanic 34 (9.1) 66 875 (39.4) Reference
Queens
Asian/Pacific Islander 309 (32.8) 60 961 (25.6) 2.46 1.87, 3.25 <.001
Black Hispanic 26 (2.8) 6668 (2.8) 2.12 1.34, 3.36 .001
Other Hispanic 9 (0.96) 2558 (1.1) 1.67 0.83, 3.38 .15
White Hispanic 472 (50.1) 77 732 (32.7) 2.89 2.21, 3.79 <.001
Black non-Hispanic 53 (5.6) 43 764 (18.4) 0.75 0.52, 1.08 .12
Other non-Hispanic 12 (1.3) 2597 (1.1) 2.38 1.28, 4.42 .006
White non-Hispanic 61 (6.5) 43 537 (18.3) Reference
Staten Island
Asian/Pacific Islander 16 (22.2) 3481 (7.1) 3.58 1.86, 6.89 <.001
Black Hispanic 0 (0) 615 (1.3) * * *
Other Hispanic 0 (0) 334 (0.7) * * *
White Hispanic 24 (33.3) 10 201 (20.8) 1.71 0.94, 3.09 .08
Black non-Hispanic 11 (15.3) 6227 (12.7) 1.39 0.67, 2.91 .38
Other non-Hispanic 0 (0) 260 (0.5) * * *
White non-Hispanic 21 (29.2) 27 869 (56.9) Reference
P values in bold are statistically significant at a = 0.05; n = 988 544.
Main effects of borough and race/ethnicity were included in the model (data not shown).
Model does not show lack of fitness (P = .12).
*0 cases.
July 2016 ORIGINAL ARTICLESfederal poverty level). The strongest association with enteric
disease was found with neighborhoods where 30%-40% of
residents live below the poverty line (OR 1.6; 95% CI 1.3,
2.0). Maternal foreign birth (OR 1.8, 95% CI 1.6, 2.0), infantReportable Bacterial Infections among New York City-Born Infanmale sex (OR 1.2; 95% CI 1.1, 1.3), and maternal WIC/
Medicaid enrollment (OR 1.6, 95% CI 1.5, 1.8) remained sig-
nificant risk factors for enteric infection after adjustment for
covariates (Table III).ts, 2001-2009 221
Figure. Enteric bacterial infection incidence by race/ethnicity and NYC borough among infants born 2001-2009.
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nonenteric infections vs infants with no reportable bacte-
rial infection, the strongest association was with extremely
low birthweight (OR 5.3; 95% CI 4.0, 6.9). Birthweight
showed an apparent dose-response relationship with non-
enteric infection. Brooklyn (OR 0.80; 95% CI 0.68, 0.93)
and Queens (OR 0.82; 95% CI 0.69, 0.98) residents had
significantly smaller odds compared with Manhattan, but
residents of other boroughs displayed no significant differ-
ence (Table IV). In this model, the association between
Asian/Pacific Islander race/ethnicity and nonenteric
infection was not significant (OR 0.92; 95% CI 0.74, 1.2).
Instead, black Hispanic (OR 1.3; 95% CI 1.1, 1.7) and
non-Hispanic (OR 1.3; 95% CI 1.1, 1.6) infants had the
strongest association between nonenteric infection and
race/ethnicity. Maternal age under 18 years (OR 1.4; 95%
CI 1.1, 1.8), WIC/Medicaid enrollment (OR 1.5; 95% CI
1.3, 1.7), unmarried maternal status (OR 1.3; 95% CI
1.1, 1.5), chorioamnionitis (OR 1.5; 95% CI 1.1, 2.0),
and infant NICU care (OR 1.9; 95% CI 1.6, 2.3) were all
associated with nonenteric infection after adjustment
with covariates. The association with NICU admission
held after excluding 223 infants with infection diagnosed
on the same day as birth (OR 1.6; 95% CI 1.3, 1.9).
Maternal foreign birth was protective against nonenteric
infection (OR 0.84; 95% CI 0.75, 0.94) (Table IV).
Neighborhood poverty, method of delivery, maternal
education, and prenatal care did not remain significantly
associated with nonenteric infection in the adjusted
model, yet these variables were retained as they
significantly contributed to the overall model fit.Discussion
Of reportable bacterial infections among infants born in NYC
from 2001-2009, nearly two-thirds were enteric. By separating
enteric from nonenteric bacterial infections, distinct patterns222of risk factors were revealed for each group of infections in
this population.
The strongest predictor of bacterial enteric infection
among infants was maternal Asian/Pacific Islander race/
ethnicity, with the greatest association and highest rate seen
among those residing in Brooklyn. However, Asian/Pacific
Islanders were not the only race/ethnicity observed with
increased risk of enteric infection. Black and white Hispanics
residing in Queens, Brooklyn, and Manhattan also had
greater odds of enteric infection than white non-Hispanics,
as did other Hispanic populations in Brooklyn and other
non-Hispanics in Queens. In addition to race/ethnic groups
by borough, foreign maternal birth was associated with
enteric infection. In other studies, travel outside of the coun-
try has been associated with Salmonella, Campylobacter, and
Shigella infections among children.18 Infants with a foreign-
born mother may be more likely to travel abroad.
Cultural and food handling practices likely drive the asso-
ciation between race/ethnicity and disease incidence. One
possible cause for increased bacterial enteric infant infections
in these populations may be the patronage of live animal
markets. Salmonella and Campylobacter outbreaks have
been associated with such markets throughout the country,
including in NYC. In 2007, an outbreak of Salmonella in
Massachusetts, where 96% of those affected were Asian,
was related to poultry purchased from a live animal market.19
Other enteric disease outbreaks in the US associated with live
markets in 2009-2012 have primarily affected those of Asian
and Hispanic race/ethnicity, many of whom were infants.19
In addition to race/ethnicity and borough, low SES was
associated with enteric infection. Infants diagnosed with an
enteric infection were disproportionately born to mothers
enrolled in WIC or Medicaid, or living in areas of higher
poverty. Other studies have shown an association between
reports of foodborne illness and low-income populations
not restricted to infants, however, the mechanism for this as-
sociation is unclear.20 Despite less reported knowledge about
safe food handling, survey respondents with lower incomesIsaac et al
Table IV. Risk factors for infant nonenteric infection: Final multivariable logistic regression model
Case n (%) Noncase n (%) OR 95% CI P value
Demographic: infant
Birthweight (g)
Extremely low: <1000 80 (5.0) 4879 (0.5) 5.26 4.03, 6.85 <.001
Very low: 1000-1500 47 (3.0) 5974 (0.6) 2.70 1.97, 3.72 <.001
Low: 1501-2500 139 (8.7) 53 803 (5.6) 1.25 1.04, 1.51 .02
Normal: 2501-4000 1239 (77.9) 831 298 (86.1) Reference
High: >4000 85 (5.4) 69 220 (7.2) 0.84 0.67, 1.04 .11
Demographic: mother
Borough of residence at birth
Bronx 420 (26.4) 178 625 (18.5) 1.03 0.88, 1.22 .69
Brooklyn 492 (30.9) 336 498 (34.9) 0.80 0.68, 0.93 .004
Queens 329 (20.7) 234 942 (24.3) 0.82 0.69, 0.98 .03
Staten Island 81 (5.1) 48 450 (5.0) 1.13 0.87, 1.45 .36
Manhattan 268 (16.9) 166 659 (17.3) Reference
Maternal birthplace
Born outside of US 771 (48.5) 521 277 (54.0) 0.84 0.75, 0.94 .002
Born in US 819 (51.5) 443 897 (46.0) Reference
WIC/Medicaid
WIC and/or Medicaid 1221 (76.8) 610 661 (63.3) 1.48 1.28, 1.70 <.001
Neither 369 (23.2) 354 513 (36.7) Reference
Marital status
Not married 1010 (63.5) 447 398 (46.3) 1.30 1.14, 1.47 <.001
Married 580 (36.5) 517 776 (53.6) Reference
Maternal education
$High school graduate 810 (50.9) 567 982 (58.9) Reference
<High school graduate 780 (49.1) 397 192 (41.2) 1.09 0.99, 1.22 .09
Maternal age
>35 y old 186 (11.7) 141 969 (14.7) 0.90 0.77, 1.05 .17
18-35 y old 1318 (82.9) 798 686 (82.8) Reference
<18 y old 86 (5.4) 24 519 (2.5) 1.41 1.12, 1.76 .003
Maternal race and ethnicity
Asian/Pacific Islander 132 (8.3) 132 730 (13.6) 0.92 0.74, 1.16 .50
Black Hispanic 117 (7.36) 53 202 (5.5) 1.34 1.05, 1.71 .02
Other Hispanic 19 (1.19) 8095 (0.8) 1.50 0.93, 2.42 .10
White Hispanic 529 (33.27) 268 659 (27.8) 1.24 1.03, 1.48 .02
Black non-Hispanic 520 (32.7) 234 729 (24.3) 1.34 1.12, 1.59 .001
Other non-Hispanic 8 (0.5) 6178 (0.6) 0.98 0.48, 1.98 .94
White non-Hispanic 265 (16.7) 261 581 (27.1) Reference
Neighborhood poverty (% in census tract under federal poverty level)
0% to <5% 91 (5.7) 73 108 (7.6) Reference
5% to <10% 164 (10.3) 138 612 (14.4) 0.92 0.71, 1.19 .53
10% to <20% 376 (23.7) 255 106 (26.5) 0.98 0.77, 1.25 .88
20% to <30% 374 (23.5) 219 148 (22.8) 0.97 0.76, 1.23 .78
30% to <40% 308 (19.4) 148 952 (15.5) 0.99 0.76, 1.28 .91
40%-100% 276 (17.4) 128 427 (13.3) 0.95 0.73, 1.23 .68
Medical risks: infant
Required NICU
Yes 315 (19.8) 69 262 (7.2) 1.92 1.64, 2.25 <.001
No 1274 (80.2) 894 091 (92.8) Reference
Medical risks: mother
Chorioamnionitis
Yes 47 (3.0) 12 085 (1.3) 1.52 1.13, 2.04 .006
No 1543 (97.0) 953 089 (98.8) Reference
Delivery method
Vaginal delivery 1108 (69.7) 702 756 (72.8) 0.97 0.87, 1.08 .58
Cesarean delivery 482 (30.3) 262 418 (27.2) Reference
Prenatal care
Any prenatal care 1562 (98.2) 957 977 (99.3) 0.75 0.51, 1.09 .13
No prenatal care 28 (1.8) 7197 (0.8) Reference
P values in bold are statistically significant at a = 0.05; n = 964 942.
Model does not show lack of fitness (P = .49).
July 2016 ORIGINAL ARTICLESpracticed safe food handling techniques more often than
those with higher incomes, according to a meta-analysis.21
Research in Philadelphia revealed greater microbial contam-
ination of ready-to-eat produce in markets located in lower
SES neighborhoods as well as in census tracts with predom-
inantly Asian populations.22,23Reportable Bacterial Infections among New York City-Born InfanThe nonenteric infection category was heterogeneous by
mode of transmission and etiology. GBS and pertussis
comprised the greatest proportion of these infections. The
risk factors associated with nonenteric bacterial infection in
our study are consistent with previous reports for GBS and
pertussis, such as black race for GBS and young maternalts, 2001-2009 223
THE JOURNAL OF PEDIATRICS  www.jpeds.com Volume 174age for both.6,13,14,24,25 These results contrast with the risk
factors found for infant enteric infections, as neither of the
above characteristics was significantly associated with enteric
infection. The only common risk factor for both enteric and
nonenteric bacterial infections during infancy was maternal
WIC/Medicaid enrollment, suggesting a strong link between
lower individual SES and bacterial infections overall.
A major strength of this study is the compilation of sur-
veillance data from multiple programs and with all live
birth records in NYC from 2001-2009. The completeness
and large size of this cohort provides the power to detect
possible risk factors for infection. In addition, the breadth
of information available in the birth records enables the ex-
amination of a variety of potential risk factors. Further-
more, analyzing diseases with common transmission, such
as enteric infections, facilitates identification of overlapping
risk factors, enabling interventions with potentially greater
impact than for individual diseases. Our study has several
limitations. By using NYC birth records to determine the
population at risk during the first year of life, infants who
were born in NYC but moved outside of NYC before their
first birthday could not be captured by DOHMH surveil-
lance data if they developed a reportable infection. Also,
the study could not include infants who resided in NYC
but were born in a facility outside of NYC. We assumed
that in- and out-migration of infants was negligible and
that the data represent the risk of bacterial infections in
NYC during infancy. Infants with reportable infections
who lacked adequate information to match to birth records
were excluded. Some reportable bacterial infections respon-
sible for considerable infant morbidity were not included:
methicillin-resistant Staphylococcus aureus infection became
reportable after the study period began, and complete data
for invasive Streptococcus pneumoniae infection were not
available for the entire study period. The questions and an-
swers associated with some variables collected on the birth
record changed between 2007 and 2008, affecting the con-
sistency of variables across the study period. Although we
limited our variables to those that were either identical or
equivalent, differences in wording could lead to potential
misclassification bias. In addition, reports of infection could
have been affected by changes in surveillance methods or
the transition from paper-based to electronic reporting,
which occurred during the study period; however, this
would have affected both enteric and non-enteric cate-
gories. A drawback of categorizing multiple diseases
together is limited generalizability to individual diseases.
Linking surveillance data for reportable diseases among in-
fants to birth certificate data has the potential to elucidate
more about the risk factors, trends, and morbidity of infant
infections than analyzing surveillance data alone. The linked
database provides many opportunities for potential future
study. Although this study focused on the difference between
risk factors for enteric and nonenteric infections, these risk
factors are likely distinct from those for respiratory, congen-
ital, or other disease groups. In addition, infection-associated
mortality in this cohort, the association between multiple224births and infection, and the subset of infants with multiple
infections are other areas for study.
Our results suggest infants born to Asian/Pacific Islander
mothers, especially those born to Chinese mothers residing
in Brooklyn, can be a focus of interventions to reduce the
burden of infant enteric bacterial infections. More study
into what factors place this population most at risk is neces-
sary to better inform intervention efforts. n
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Appendix 1
This is a general overview of the deterministic methods
used to match infants with a reportable infection to the
birth registry. The reportable infection registries were de-
duplicated, cleaned, and standardized. The birth registry
was similarly standardized. Potential matches were identi-
fied by linking on key identifiers, including name, date of
birth, address, and phone numbers. Next, all matching
identifiers for potential matches were compared and classi-
fied according to the strength of similarity. The exact clas-
sification included some minor variation such as double
letters or an s at the end of a word. More variation in
longer words was allowed than in shorter words. The po-
tential matches with identical classifications were then
grouped and exported to Microsoft Access (Redmond,
Washington) databases and were subsequently manually
reviewed for match acceptance or rejection. We evaluated
infant matches by looking at address (apartment number,
street address, and zip code), date of birth, telephone num-
ber (daytime and evening), infant first, middle, and last
name, and maternal and paternal first and last name.
When infants matched on at least 2-3 variables determined
to be strong variables (ie, infant first and last name, telephone
number, and date of birth), these were accepted as true
matches. When infants matched on 2 of the strong variables
listed above, but had some variation in the first and last
name, these were reviewed for potential false positive
matches. Depending on the strength of similarity for these
variables, we determined infants to be acceptable matches
when at least 2-3 variables (listed above) matched with
reasonable similarity.
Appendix 2
Infant Variables (Reported by Birth Facility)
Birthweight. We used the standard Centers for Disease
Control and Prevention definitions for birthweight cate-
gories: extremely low birthweight: less than 1000 g, very
low birthweight: 1000-1500 g, low birthweight: 1501-
2500 g, normal birthweight: 2501-4000 g, high birth-
weight: >4000 g.1
Gestational Age. Gestational age was reported as the clinical
estimation of gestational age, defined as “the best obstetric esti-
mate of the infant’s gestation in completed weeks based on the
birth attendant’s final estimate of gestation. It should be deter-
mined by all perinatal factors and assessments such as ultra-
sound, but not the neonatal examination. Ultrasound taken
early in pregnancy is preferred.” We categorized into 2 levels
according to Centers for Disease Control and Prevention stan-
dard definitions: preterm: <37 weeks and term/postterm:
$37 weeks.1
Maternal Characteristics (Self-Reported Unless
Otherwise Specified)
Borough of Residence at Birth. The mother’s usual
borough of residence at the time of birth.
Birthplace. Defined as US-born for all mothers born
within the US, Puerto Rico, US Virgin Islands, and Guam,
and as foreign-born for all other birthplaces.
Special Supplemental Food Program for Women,
Infants, and Children/Medicaid Enrolled. Mothers
were determined to be Special Supplemental Food Pro-
gram for Women, Infants, and Children (WIC)-enrolled
if the mother self-reported to have received food support
through WIC during this pregnancy. Mothers were
considered Medicaid-enrolled if the birth facility reported
payment of delivery by Medicaid (2001-2007) or Medicaid
or Family Health Plus (2008-2009). We combined these
into a dichotomous (Yes/No) variable and defined “Yes”
as enrollment in WIC and/or Medicaid and “No” as
neither WIC nor Medicaid enrollment.
Marital Status. The birth was considered marital if the
father was listed on the birth certificate or if there was not
an acknowledgement of paternity agreement signed. The
birth was considered not marital if an acknowledgement of
paternity was received or the father’s name was missing
from the birth certificate.
Education. The highest degree or level of schooling
completed by the mother at the time of birth. Categorized
into 2 levels: less than 12 years of education or high school
equivalent completed, or$12 years or high school equivalent
completed. This variable was created by categorizing reported
continuous years of education (as reported from 2001-2007)
or 8 level categorical variable of education level (as reported
in 2008-2009) into the above dichotomous categories.
Age at Birth. Age of mother at time of birth categorized
into 3 levels: <18 years old, 18-35 years old, and >35 years
old.
Maternal Race/Ethnicity. Self-reported race from 2001-
2007 and 2008-2009 were combined into the following
categories: White, Black or African American, American
Indian and Alaska Native, Asian/Pacific Islander, other,
or race unknown. Self-reported ethnicity was based on
Hispanic (Puerto Rican or other Hispanic ancestry) vs
non-Hispanic ancestry. A combined race/ethnicity variable
was created and categorized as follows: White Hispanic,
White non-Hispanic, Black Hispanic, Black non-
Hispanic, Asian or Pacific Islander, other Hispanic, other
non-Hispanic, or unknown. Multiple races (reported
from 2008-2009) and American Indian and Alaska Native
were considered “other” race. Races reported as Chinese,
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Japanese, Filipino, Asian Indian, Korean, Vietnamese, Ha-
waiian (and part Hawaiian), Samoan, Guamanian, other
Asian (all reported from 2001-2007), or Native Hawaiian
and other Pacific Islander (reported 2008-2009) were
considered Asian/Pacific Islander. If a mother reported
Asian/Pacific Islander race and Hispanic ethnicity, the
race/ethnicity was recorded as other Hispanic.
Neighborhood Poverty by Census Tract. Percent of in-
dividuals with income levels below 100% of the Federal
Poverty Level per Census 2000 (for infants born 2001-
2004) and American Community Survey 2005-2009 (for in-
fants born 2005-2009). This poverty measure is based on
the geocoded census tract (from Census 2000) of the
mother’s self-reported exact street address. The 6 poverty cat-
egories were 0% to <5% (reference group), 5% to <10%, 10%
to <20%, 20% to <30%, 30% to <40%, and 40% to 100%.2
Medical Risk Variables (All Reported by the Birth
Facility)
Required Neonatal Intensive Care Unit. Whether the
infant required neonatal intensive care after delivery on the
day of birth.
Maternal Gestational Diabetes. Maternal glucose intol-
erance requiring treatment, diagnosed during this pregnancy.
Maternal Prepregnancy Diabetes. Maternal glucose
intolerance requiring treatment, diagnosed prior to this preg-
nancy.
Prolonged Rupture of Membranes. Rupture of
mother’s membranes 12 hours or more prior to delivery.
Delivery Method. Vaginal (including vacuum and for-
ceps) or cesarean delivery (primary and repeat).
Prenatal Care. Calculated using the number of prenatal
visits recorded, categorized as no prenatal care (no visits),
prenatal care (1 or more prenatal visits), or unknown.
Maternal Gestational Hypertension. Elevation of blood
pressure above normal for age, sex, and physiological condi-
tion, diagnosed during this pregnancy. May include protein-
uria without seizures or coma and pathologic edema.
Maternal Prepregnancy Hypertension. Elevation of
bloodpressure abovenormal for age, sex, andphysiological con-
dition, diagnosed prior to the onset of this pregnancy. Does not
include gestational (pregnancy-induced) hypertension.
Fever during Labor/Delivery. Temperature >100.4F or
38C during labor or delivery.
Placenta Previa. The placenta partially or completely
overlying the cervix during this pregnancy.
Chorioamnionitis. Clinical diagnosis made by the deliv-
ery attendant of chorioamnionitis during labor and delivery.
Usually includes more than one of the following: fever
(>100.4F or 38C), uterine tenderness and/or irritability,
leukocytosis, and fetal tachycardia.
1. Centers for Disease Control and Prevention. Pediatric and Pregnancy
Nutrition Surveillance System, Infant Health Indicators, http://www.
cdc.gov/pednss/what_is/pnss_health_indicators.htm#Infant_Health_
Indicators. Accessed June 18, 2014.
2. Toprani A, Hadler JL. Selecting and applying a standard area-based socio-
economic status measure for public health data: Analysis for New York
City. New York City Department of Health and Mental Hygiene; 2013.
p. 1-12. Epi Research Report, http://www.nyc.gov/html/doh/downloads/
pdf/epi/epiresearch-SES-measure.pdf. Accessed March 3, 2015.
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Table II. Risk factors for infant enteric and nonenteric bacterial infection in bivariate multinomial analyses
Enteric Nonenteric Noncase Enteric vs noncases Nonenteric vs noncases
Missingn (%) n (%) n (%) OR 95% CI P value OR 95% CI P value
Demographic: infant
Sex
Male 1605 (55.7) 833 (50.7) 508 781 (51.3) 1.20 1.11, 1.29 <.001 0.98 0.89, 1.08 .63 -
Female 1275 (44.3) 811 (49.3) 483 633 (48.7) Reference Reference
Birthweight (g)
Extremely low: <1000 14 (0.5) 83 (5.1) 5260 (0.5) 0.91 0.54, 1.54 .73 10.59 8.47, 13.25 <.001 6
Very low: 1000-1500 24 (0.8) 53 (3.2) 6308 (0.6) 1.30 0.87, 1.95 .20 5.64 4.28, 7.43 <.001
Low: 1501-2500 158 (5.5) 146 (8.9) 56 173 (5.7) 0.96 0.82, 1.13 .66 1.74 1.47, 2.07 <.001
Normal: 2501-4000 2490 (86.5) 1273 (77.4) 853 733 (86.0) Reference Reference
High: >4000 194 (6.7) 89 (5.4) 70 934 (7.2) 0.94 0.81, 1.09 .39 0.84 0.68, 1.04 .12
Preterm delivery
Preterm: <37 wk 234 (8.1) 294 (17.9) 77 293 (7.8) 1.05 0.92, 1.20 .50 2.58 2.27, 2.93 <.001 907
Term/postterm: $37 wk 2644 (91.9) 1349 (82.1) 914 217 (92.2) Reference Reference
Demographic: mother
Borough of residence at birth
Bronx 618 (21.5) 431 (26.2) 185 328 (18.7) 1.52 1.34, 1.73 <.001 1.45 1.25, 1.69 <.001 -
Brooklyn 869 (30.2) 515 (31.3) 347 435 (35.0) 1.14 1.01, 1.29 .03 0.93 0.80, 1.07 .31
Queens 946 (32.9) 341 (20.7) 238 990 (24.1) 1.81 1.61, 2.04 <.001 0.89 0.76, 1.05 .16
Staten Island 72 (2.5) 83 (5.1) 49 306 (5.0) 0.67 0.52, 0.86 .002 1.05 0.82, 1.35 .68
Manhattan 375 (13.0) 274 (16.7) 171 355 (17.3) Reference Reference
Maternal birthplace
Born outside of US 2225 (77.5) 788 (48.1) 533 003 (53.9) 2.94 2.70, 3.21 <.001 0.79 0.72, 0.87 <.001 3791
Born in US 646 (22.5) 849 (51.9) 455 636 (46.1) Reference Reference
WIC/Medicaid
WIC and/or Medicaid 2345 (81.4) 1264 (76.9) 629 144 (63.4) 2.53 2.30, 2.78 <.001 1.92 1.71, 2.15 <.001 36
Neither 535 (18.6) 380 (23.1) 363 234 (36.6) Reference Reference
Marital status
Not married 1460 (50.7) 1053 (64.1) 462 767 (46.6) 1.18 1.09, 1.27 <.001 2.04 1.84, 2.26 <.001 1
Married 1420 (49.3) 591 (36.0) 529 646 (53.4) Reference Reference
Maternal education
$High school graduate 1454 (50.6) 837 (51.2) 580 471 (58.7) Reference Reference 2913
<High school graduate 1417 (49.4) 799 (48.8) 409 047 (41.3) 1.38 1.29, 1.49 <.001 1.36 1.23, 1.49 <.001
Maternal age
>35 y old 372 (12.9) 194 (11.8) 145 805 (14.7) 0.86 0.77, 0.96 .008 0.81 0.69, 0.94 .005 1
18-35 y old 2428 (84.3) 1357 (82.5) 821 250 (82.8) Reference Reference
<18 y old 80 (2.8) 93 (5.7) 25 358 (2.6) 1.07 0.85, 1.33 .57 2.22 1.80, 2.74 <.001
Maternal race and ethnicity
Asian/Pacific Islander 826 (28.7) 132 (8.0) 136 117 (13.7) 6.06 5.27, 6.95 <.001 0.95 0.77, 1.17 .63 1462
Black Hispanic 173 (6.0) 120 (7.3) 54 442 (5.5) 3.17 2.62, 3.84 <.001 2.16 1.74, 2.68 <.001
Other Hispanic 22 (0.8) 19 (1.2) 8382 (0.9) 2.62 1.70, 4.05 <.001 2.22 1.39, 3.54 .001
White Hispanic 1164 (40.4) 543 (33.1) 274 598 (27.7) 4.23 3.70, 4.83 <.001 1.94 1.68, 2.24 <.001
Black non-Hispanic 404 (14.0) 547 (33.3) 243 677 (24.6) 1.65 1.42, 1.93 <.001 2.20 1.90, 2.54 <.001
Other non-Hispanic 21 (0.7) 8 (0.5) 6348 (0.6) 3.30 2.12, 5.15 <.001 1.23 0.61, 2.49 .56
White non-Hispanic 268 (9.3) 273 (16.6) 267 392 (27.0) Reference Reference
Neighborhood poverty (% in
census tract under federal
poverty level)
0% to <5% 104 (3.6) 91 (5.5) 74 571 (7.5) Reference Reference 1891
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Table II. Continued
Enteric Nonenteric Noncase Enteric vs noncases Nonenteric vs noncases
Missingn (%) n (%) n (%) OR 95% CI P value OR 95% CI P value
5% to <10% 223 (7.8) 166 (10.1) 141 552 (14.3) 1.13 0.90, 1.43 .31 0.96 0.74, 1.24 .76
10% to <20% 851 (29.6) 385 (23.4) 261 610 (26.4) 2.33 1.90, 2.86 <.001 1.21 0.96, 1.52 .11
20% to <30% 783 (27.2) 396 (24.1) 226 139 (22.8) 2.48 2.02, 3.05 <.001 1.44 1.14, 1.80 .002
30% to <40% 548 (19.1) 318 (19.4) 154 099 (15.6) 2.55 2.07, 3.14 <.001 1.69 1.34, 2.14
40% to 100% 366 (12.7) 287 (17.5) 132 558 (13.4) 1.98 1.59, 2.46 <.001 1.77 1.40, 2.25 <.001
Medical risks: infant
Required NICU
Yes 239 (8.3) 331 (20.1) 72 633 (7.3) 1.15 1.00, 1.31 .04 3.19 2.83, 3.60 <.001 364
No 2641 (91.7) 1313 (79.9) 919 417 (92.7) Reference Reference
Medical risks: mother
Prenatal care
Any prenatal care 2815 (99.5) 1580 (98.1) 968 023 (99.2) 1.68 0.98, 2.91 .06 0.40 0.28, 0.57 <.001 16 949
No prenatal care 13 (0.5) 31 (1.9) 7527 (0.8) Reference Reference
Prepregnancy diabetes
Yes 12 (0.4) 8 (0.5) 4676 (0.5) 0.88 0.50, 1.56 .67 1.03 0.52, 2.07 .93 -
No 2868 (99.6) 1636 (99.5) 987 738 (99.5) Reference Reference
Gestational diabetes
Yes 140 (4.9) 62 (3.8) 40 130 (4.0) 1.21 1.02, 1.44 .03 0.93 0.72, 1.20 .58 -
No 2740 (95.1) 1582 (96.2) 952 284 (96.0) Reference Reference
Prepregnancy hypertension
Yes 24 (0.8) 14 (0.9) 10 253 (1.0) 0.81 0.54, 1.20 .29 0.82 0.49, 1.39 .47 -
No 2856 (99.2) 1630 (99.2) 982 161 (99.0) Reference Reference
Gestational hypertension
Yes 43 (1.5) 35 (2.1) 16 266 (1.6) 0.91 0.67, 1.23 .54 1.31 0.93, 1.83 .12 -
No 2837 (98.5) 1609 (97.9) 976 148 (98.4) Reference Reference
Prolonged rupture of
membranes
Yes 50 (1.7) 59 (3.6) 24 243 (2.4) 0.71 0.53, 0.93 .01 1.49 1.15, 1.93 .003
No 2830 (98.3) 1585 (96.4) 968 171 (97.6) Reference Reference
Delivery method
Vaginal delivery 2055 (71.7) 1144 (69.9) 719 991 (72.8) 0.94 0.87, 1.02 .16 0.87 0.78, 0.97 .009 3676
Cesarean delivery 813 (28.4) 492 (30.1) 268 767 (27.2) Reference Reference
Fever during labor or delivery
Yes 59 (2.1) 47 (2.9) 18 597 (1.9) 1.10 0.85, 1.42 .49 1.49 1.15, 1.93 .003 -
No 2821 (98.0) 1597 (97.1) 973 817 (98.1) Reference Reference
Placenta previa
Yes 15 (0.5) 12 (0.7) 4552 (0.5) 1.14 0.68, 1.89 .62 1.60 0.90, 2.82 .11 -
No 2865 (99.5) 1632 (99.3) 987 862 (99.5) Reference Reference
Chorioamnionitis
Yes 46 (1.6) 51 (3.1) 12 421 (1.3) 1.28 0.96, 1.72 .10 2.53 1.91, 3.34 <.001 -
No 2834 (98.4) 1593 (96.9) 979 993 (98.8) Reference Reference
P values in bold are statistically significant at a = 0.05.
Ju
ly
2016
O
R
IG
IN
A
L
A
R
TIC
LES
R
e
p
o
rta
b
le
B
a
c
te
ria
l
In
fe
c
tio
n
s
a
m
o
n
g
N
e
w
Y
o
rk
C
ity
-B
o
rn
In
fa
n
ts
,
2
0
0
1
-2
0
0
9
2
2
5
.e
4
